Summary
Among the many flame-resistant materials, the problem arises of the optimum selection of agents ensuring the safety of constructions in the case of a naked flame acting on specific materials.
Methods for increasing the flame resistance of constructions are based on using non-flammable materials that prevent ignition and flame propagation.
Presently, there is an increasingly marked trend towards using passive fireproofing measures employing compositions of the heat-expanding type. On exposure to a flame, the heat-expanding coatings greatly increase in volume, by several factors, with the formation of a foam layer comprising a coked melt of inflammable substances (mineral residue), which covers the protected surfaces and fills any slits and holes, isolating the seat of the fire. This layer has low thermal conductivity and high stability in relation to fire. The effectiveness of materials of the heat-expanding type is determined by the fact that, for protection against fire, it is sufficient to apply very thin coatings with a thickness ranging from several tenths of a millimetre to several millimetres.
The main advantages of the given types of flameresistant material are as follows:
• a fairly large range of fire resistance values;
• small coating thicknesses -up to 4 mm, low consumption, and accordingly small loads on constructions;
• high decorative qualities.
The selection of the fireproofing method is determined primarily by the material of the edifice, construction, or article to be protected against ignition.
At the present time, increasingly wide use is being made in civil and industrial building of constructional and reinforcing materials based on continuous glass fibre, including glass-fibre-reinforced plastic. The main advantage of glass-fibre-reinforced plastics is their increased strength in the case of unidirectional glassfibre-reinforced plastics (roughly twofold) and low density (roughly fourfold) by comparison with metal. Furthermore, glass-fibre-reinforced plastics do not corrode, and the service life of articles reinforced with glass-fibre-reinforced plastic is 2 or more times longer than the service life of metal articles. Articles of this material have been used particularly widely in apparatuses intended for operation under extreme conditions -in shipbuilding, aviation and space technology, and in equipment of the petrochemical and gas production industries.
However, along with the valuable combination of properties possessed by glass-fibre-reinforced plastics, a considerable shortcoming is their low resistance to a naked flame.
Thus, the development of flame-resistant coatings for glass-fibre-reinforced plastics is an urgent problem.
In this work, investigations were conducted on a composite comprising a 15% solution of perchlorovinyl resin mixed with organic solvents butyl acetate:acetone T/16 in a 1:1 ratio. The choice of perchlorovinyl resin as the polymer binder for the flame-and heat-resistant composite is due to their properties. The given resin possesses heat resistance, chemical stability, and low thermal conductivity, and is an inflammable material [1, 2] .
To increase the flame resistance of the coating, a flame retardant was introduced into the composite, comprising a phosphorus-, boron-, and chlorine-containing oligomer (FBE) previously produced by the interaction of methyl phosphite borate with epichlorohydrin in a 3.5:3 mass ratio. Methyl phosphite borate was used earlier for a fireproofing modification of cellulose materials [3] . Certain physical properties of the oligomer are presented in Table 1 . Table 1 . Certain physical properties of the phosphorus-, boron-, and chlorine-containing oligomer
Physical properties Value
Relative density (g/cm 3 ) 1.3912
Refractive index 1.463 It is well known that phosphorus-, boron-, and halogencontaining compounds, containing C-P, P-O-B, and P-O-C bonds, ensure a higher heat stability of the polymer, and here the presence of phosphorus and halogen atoms may promote strengthening of the polymer carbonisation process. This is explained by the formation on the surface of the materials of mineral surface layers. The formation of strong coke or an oxide film or an inflammable foam layer on the surface of the material reduces the heat transfer from flame to material and prevents the effect of active flame particles and air oxygen on polymeric materials.
With the aim of determining the effectiveness of the developed flame-and heat-resistant compositions, investigations were conducted to determine the main physicomechanical properties of coatings as a function of their formulation. Test results are presented in Table 2 .
In the course of the investigations it was established that the most optimum content of FBE amounts to 8.5-11.5 wt% of the initial composite, and the optimum coating thickness to 0.7 mm, the coefficient of swelling reaching 8.53 at different FBE contents, while the time of achievement of the limiting state of the trial specimens increased roughly 1.5-fold (Figure 1) .
Tests of coatings were conducted by the developed procedure, exposing treated glass-fibre-reinforced plastic specimens to a naked flame. The temperature was measured using an S-300.3 pyrometer.
In order to determine the effectiveness of the developed flame-resistant compositions, coatings were tested by exposing treated glass-fibre-reinforced plastic specimens to a naked flame source. The unit for tests was based on a laboratory chemical stand and was installed in a well-ventilated room. The specimens for measurements had the following dimensions: length 50 mm, width 50 mm, thickness 1.8-2 mm. The thickness of the fireproofing coating was 0.5-0.7 mm. The given coating thickness range was governed by the fact that the necessary fireproofing properties were not achieved if the thickness of the coating was any smaller, and a greater coating thickness led to an increase in the curing time of the composite. Before measurements, coated specimens were dried at room temperature for at least 2 days. The specimen prepared for testing was fastened absolutely vertically in the stand. A universal Bunsen burner equipped with a headpiece with a hole diameter of 7 mm was used. The gas burner (household gas was used) in a horizontal position at a distance of at least 200 mm from the specimen was lit and regulated so that the height of the flame was 150-180 mm. The flame was directed precisely at the centre of the fastened glass-fibre-reinforced plastic specimen. The air supply was regulated until the yellow tip of the flame disappeared.
Using a pyrometer, the change in temperature on the unheated surface of the trial specimen was regulated until the limiting state of the trial glass-fibre-reinforced specimen was reached. This limiting state was heralded by the appearance of a black spot on the unheated side of the trial specimen -loss of integrity of the material. The height of the formed coke was then measured from the change in thickness of the specimen before and after the test.
However, the introduction of FBE has a negative effect on the adhesion of the coating to glass-fibre-reinforced plastic. This is due to the fact that FBE has an acid medium and fulfils the function of a plasticiser. Therefore, to increase the adhesion properties of the coating, polyethylenepolyamine (PEPA) was also introduced into the composite [4] . The PEPA was introduced into the composites until a pH of 6-7 was reached.
As a result of the investigations it was established that, with the simultaneous introduction into the composite of fireproofing agent FBE and neutralising agent PEPA, the adhesion properties of the coating increase significantly ( Table 3) . In the course of the work, a study was also made of the effect of fireproofing agent FBE on the physicomechanical properties of coatings. The coating film has a high weather resistance and elasticity. It does not burn, and it has good resistance to alkalis, acids, and greases.
Perchlorovinyl coatings withstand the action of water, greases, oils, alcohols, and aliphatic hydrocarbons (gasolines).
Thus, it was established that the obtained product FBE is an effective fireproofing agent, the introduction of which into the composite has no effect on the physicomechanical properties of the coating.
The proposed flame-resistant coatings based on perchlorovinyl resin can be used for the fire protection of constructions of glass-fibre-reinforced plastic.
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